Abstract Two descendant groups of the barley line Hiproly and the parents, Hja c2661 and Hja c4003, were examined for variations in the DBC protein and amino acid contents. The frequency distributions of the DBC protein content in both descendant groups were unimodal and no effect of one gene was seen, even though the high lysine content of Hiproly is caused by one gene (lys). The means of the DBC protein contents in these F g generations were 19.1 % and 19.0 %.
Introduction
Although cereals are very important for protein production, the protein is not of high quality because some amino acids are not present in sufficient quantities. Most notable is the small amount of lysine, but also methionine and threonine exist in low amounts in the seed protein of most cereal plants. Hagberg and Karlsson (1969) , when screening over one thousand barley lines (Hordeum vulgare L.), found one barley line Hiproly, which had a high protein and lysine content. The high lysine content of this Ethiopian barley line Hiproly is dependent on a single recessive major gene (lys) and several minor genes (Munck et al. 1970 , Karlsson 1972 , Karlsson 1976 ). Hagberg and Karlsson (1969) found the barley line Hiproly by a DEC method, which is based on the dye binding capacity of basic amino acids (lysine, arginine and histidine) and the free amino ends of polypeptide chains. Thus high lysine and high protein lines are screened from other lines (Mossberg 1969) . Munck et al. (1970) were able to distinguish in the F 2 generation of the barley line Hiproly two differing groups: the lines which have a high DBC value and a high lysine content and the lines which have a low DBC value and a low lysine content.
The present study investigates the variation in DBC protein and amino acid contents in the F 5 lines of the barley line Hiproly. It has also been possible to study the inheritance of the DBC protein content and the factors on which it depends. The present work is based on a project concerning the breeding of high quality barley varieties at the Hankkija Plant Breeding Institute. Material for the study was obtained from this Institute.
Material and methods

Materiat
The material was the harvest of the year 1971. The barley line Hiproly is a 2-row naked barley with a high protein content (17 %) and a high lysine content (4.1 g lysine/100 g protein) . The line Hja c2661 is a 6-row fodder barley, which descends from the crossing cv. Otra x cv. Paavo. The line Hja c4003 is a 2-row barley, which was obtained by radiating the line Hja b7990. The line Hja b7990 is descended from the crossing (cv. Louhi Conger et al. (1970) . The following abbreviation is used: DBCpc = the DBC protein content.
Amino acid analyses were made for 12 lines of Hja c4003 x Hiproly. These were the six lines with the highest and the lowest DBC protein contents. An acid hydrolysis was made at first for 40 mg samples in which tryptophane is destroyed (Kohler and Palter 1967) . After that the samples were driven by a Hitachi Perkin-Elmer liquid chromatography and a Ligandi method was used (Eaker 1968 ).
3. Statistical calculation
Because most samples used to determine the DBC protein content were 400 mg, the values had to be modified to correspond to samples 500 mg in size. For this purpose, a regression model was developed from which it was possible to determine the DBC protein contents in samples of 500 mg as well as in samples of 400 mg. The regression equation was developed by repetitions of the samples of 400 mg (x-variable) and by repetitions of the samples of 500 mg (y-variable) . With this regression equation it was possible to estimate the values corresponding to the samples of 500 mg, by using the values derived from the samples of 400 mg. In this equation (y =bx a), xis the value which was determined from a sample of 400 mg, and y corresponds to the value of a sample of 500 mg. b is a regression coefficient and a is a constant.
Differences in the DBC protein content between the crossings and between the lines were tested by the hierarchal analysis of variance (Kempthorne 1969) . This calculation was performed in the Computer Centre of the University of Helsinki. Percentages for the components of variance, such as line, cross and repetition, were also calculated.
The environmental and genetic influence on the DBC protein content was estimated according to Falconer (1967) , assuming that the variance of the parental line is an estimate of the environmental variance, and that the variance of descendant lines is an estimate of the total variance.
The percentage content of each amino acid was determined by presuming that there were proportionally the same amounts of tryptophane in each line. The ratio of basic amino acids to proline was calculated for each line (Favret et al. 1970) to indicate the proportional amounts of albumins and prolamins.
Otherwise the results were calculated statistically in the usual manner.
Results
The regression line in Figure 1 shows the relationship between the DBC protein contents and the sample sizes. The correlation coefficient between these values is 0.999***. This method was reliable because the standard error of the estimate of y on x is 0.114. The standard error of the regression coefficient b is 0.008, and the standard error of the constant a is 0.094.
The frequency distributions of the DBC protein contents of the lines in two crossings do not indicate any clear differences between the crossings (see analysis of variance (F = 3.678***), but between the crossings there is no statistically significant difference. The component of variance caused by variation between the lines is 99.37 % from the total variance. The component of variance caused by crossings is 0 % and the component of variance caused by the variation within the lines is 0.63 % from the total variance.
The means of the DBC protein contents in descendant groups are higher than in the parents (see Table 1 ). The descendant group of Hja c2661 x Hiproly differs from the parental line with respect to the DBC protein content determined bv the analysis of variance (F = 20.220***). In the same way the descendant group of Hja c4003 x Hiproly differs from the line Hja c4003 (F = 23.789***).
Between the parental lines there is no statistically significant difference.
Environmental factors have greatly influenced the DBC protein content (see Table 1 ). Table 2 ). The ratio of the amount of basic amino acids to the amount of proline is nearly the same for every line (see Table 3 ). There is no statistically significant difference in these relationships between the groups of lines which have the highest or the lowest DBC protein contents. (Munck et al. 1971 ).
In the lines which have the highest DBC protein contents there must be much protein and/or much basic amino asids, because the function of the Pro-Meter Mk II is based on the dye binding capacity. The effect of the lys gene is so great that the frequency distributions ought to be bimodal. Selection in the descendant groups has possibly been able to change the distributions. Olsen (1974) has also found unimodal distribution of the DBC protein content in the F 3 generation of the barley line Hiproly and he has not been able to see any effect of one gene in that distribution.
The correlation coefficient (r = 0.71) between the DBC protein content and the lysine content is low compared to the correlation coefficient (r = 0.93) between the lysine content and the amount of bound dye obtained by Hagberg and Karlsson (1969) . The mean lysine content (x = 3.84 %) in the lines which have the highest DBC protein contents is only slightly higher than the mean lysine content (x= 3.44 %) in the lines which have the lowest DBC protein contents. This explains the unimodality of the frequency distributions.
The lysine content of protein was estimated to be over 4 % in two barley lines and nearly 4 % in one barley line. In the barley line Hiproly and in the hybrid lines, which have been homozygotic for the lys gene, there has always been lysine more than 3.9 % and nearly always over 4 %, while in usual commerical barley varieties and in not hily (high lysine) segregants of the line Hiproly there has been 3.25-3.90 % lysine depending on the protein content (Munck et al. 1969 , Munck 1970 , Munck et al. 1970 , Munck et al. 1971 , Munck 1972 a, Munck 1972 . Obviously only those lines in which the lysine content is over 4 % can be homozygotic for the lys gene. However, the lysine content of every line with a high DBC protein content, is above average because there is usually a high negative correlation between the lysine content and the protein content . Evidently all lines which have the highest DBC protein content are not homozygotic for the lys gene, but are mixtures consisting of many lines homozygotic for the lys or wild allele at this locus.
The correlation coefficient between all basic amino acids (Arg -)-Lys + His) and the DBC protein is higher than the correlation coefficient between lysine and DBC protein. This is consistent with the result of Mossberg (I960).
The highest correlation coefficient is, however, between the arginine content and the DBC protein content.
The DBC protein contents of the parent lines are also very high. N and P fertilization may have brought about this result. It is apparent that environmental factors have a great effect on the DBC protein content since there is a great variation in the DBG protein content in the parental lines. There is more phenylalanine in lines which have the highest DBG protein contents. This means that there must be much prolamins in those lines (see Harris 1962) . This may be due to N fertilization, which increases the proportional amount of prolamins in barley seed proteins (Andersen and Kgie 1975 The high phenylalanine and proline contents of the high DBG protein lines in the present study indicate that the lys gene does not decrease the prolamin content. Berdahl and Bhatty (1977) have found that Hiproly and a normal lysine barley line and the high lysine plump segregants of Hiproly, have the same prolamin content, but the shrunken segregants of Hiproly have a slightly lower prolamin content than Hiproly. In contrast to Hiproly, Riso 1508, the other high lysine mutant of barley (Doll 1973 , Muench et al. 1976 ), has only one-third of the normal prolamin content (Ingversen et al. 1973 ).
The environmental influence on the protein content has proved very considerable even in this one field experiment. This was also noted by Favret et al. (1970) , who considered the absolute amount of protein of one seed (N/ seed) to be more stable than the protein content, expressed as per cent from the dry matter. Environmental factors affect the weight and volume of a seed.
Furthermore, the weight and the volume of a seed are negatively correlated with the protein content, while the absolute values are less variable. When proteins are expressed as per cent values from the dry matter, it is difficult to find the amount of variation which is caused by genetic factors. A possibility for decreasing the variation in the protein content caused by environmental factors lies in the use of powerful N fertilization. Increased N fertilization raises the protein content and simultaneously decreases variation in the protein content caused by environmental factors. Thus the genetic variance of the protein content increases in relation to the total variance (Ulonska et al. 1975) . Selection studies performed under powerful N fertilization can of course be criticized for economical reasons.
The greatest difficulty in breeding high lysine barley varieties lies in maintaining the yielding capacity at a high enough level. It seems that inactivation of prolamin synthesis impairs the accumulation of carbohydrates in the endosperm (Doll 1977) thus lowering the yielding capacity. Hiproly can be better than Riso 1508 in breeding for yielding capacity since it has a high prolamin content. In Riso 1508 the high lysine content is the result of one gene that blocks the synthesis of several protein bands with high molecular weight in the prolamin fraction (Brandt 1976, Koie et al. 1976) . In Hiproly Ingversen and Koie (1971) have found an extra lysine rich band in the saltsoluble protein fraction.
